Based on a spin-flavor extension of chiral symmetry, a novel s−wave meson-meson interaction involving members of the ρ−nonet and of the π−octet is introduced and its predictions are analyzed. The starting point is the SU(6) version of the SU(3) flavor Weinberg-Tomozawa Lagrangian. SU(6) symmetry breaking terms are then included to account for the physical meson masses and decay constants in a way that preserves (broken) chiral symmetry. Next, the T −matrix amplitudes are obtained by solving the Bethe Salpeter equation in coupled-channel and the poles are identified with their possible Particle Data Group (PDG) counterparts. It is shown that most of the low-lying even parity PDG meson resonances, specially in the J P = 0 + and 1 + sectors, can be classified according to multiplets of SU(6). The f0(1500), f1(1420) and some 0 + (2 ++ ) resonances cannot be accommodated within this scheme and thus they would be clear candidates to be glueballs or hybrids. Finally, we predict the existence of five exotic resonances (I ≥ 3/2 and/or |Y | = 2) with masses in the range 1.4-1.6 GeV, which would complete the 271, 103, and 10 * 3 multiplets of SU(3)⊗SU(2).
I. INTRODUCTION
Chiral perturbation theory (ChPT), a systematic implementation of chiral symmetry and of its pattern of spontaneous and explicit breaking, provides a model independent scheme where multitude of low-energy non-perturbative strong-interaction phenomena can be understood. It has been successfully applied to study different processes, both in the meson-meson and in the meson-baryon sectors, involving light (u and d) or strange (s) quarks [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
However, by construction, ChPT is only valid at low-energies and it cannot describe the nature of hadron resonances. In recent years, it has been shown that by unitarizing the ChPT amplitudes one can greatly extend the region of application of ChPT.
1 This approach, commonly referred as Unitary Chiral Perturbation Theory (UChPT), has received much attention and provided many interesting results . In particular, many meson-meson and mesonbaryon resonances and bound states appear naturally within UChPT. These states are then interpreted as having "dynamical nature." In other words, they are not genuineorstates, but are mainly built out of their mesonmeson or meson-baryon components. One way to distinguish these two pictures is to study the dependence on N C of the resonance masses and widths [47] [48] [49] [50] [51] [52] [53] [54] .
Some examples are the low-lying scalar mesons, f 0 (600), f 0 (980), a 0 (980) and K * 0 (800), which naturally appear as resonant states of two mesons of the pion octet [15, 18-22, 24, 27, 30] , or the low-lying J P = 1/2 − baryonic resonances, N (1535), N (1650), Λ(1405) and Λ(1670), which are found after unitarizing the ChPT amplitudes for the scattering of π pseudoscalar octet mesons off baryons belonging to nucleon octet [14, 17, 28, 31-34, 36, 38, 41, 42] , or the low-lying
II. SU(6) DESCRIPTION OF VECTOR-PSEUDOSCALAR AND VECTOR-VECTOR INTERACTIONS A. SU(3) and chiral symmetry
The lowest-order chiral Lagrangian describing the interaction of pseudoscalar Nambu-Goldstone bosons is [3] 
where f ∼ 90 MeV is the chiral-limit pion decay constant, U = e i √ 2Φ/f is the SU(3) representation of the meson fields, with
and the matrix M = diag(m (6) classification of the poles found in this work, together with their possible PDG counterparts [84] . J P , Y, I G stand for the spin-parity, hypercharge, isospin and G−parity, respectively [for non-strange states, charge conjugation is given by G = (−1) I ]. Those resonances marked with † need to be confirmed, while a (*) symbol indicates that the resonance does not appear in the PDG. Finally, a question mark symbol expresses our reservations on the assignment. Mixings between states with the same J P I G Y quantum numbers, but belonging to different SU (6) and/or SU(3) multiplets have not been considered. Taking a common mass, m, for all the (pseudo) Nambu-Goldstone mesons and projecting into s−wave, the above Lagrangian leads to an interaction Hamiltonian (on shell)
where √ s is the total energy of the meson pair in the center of mass system, andĤ 1 andĤ 2 are coupled-channel matrices; they are IY block diagonal, with I and Y the total isospin and hypercharge (strangeness) of either the initial or final meson pair. The normalization can be unambiguously fixed thanks to the relation of the diagonal matrix elements of H(s) with the s−wave scattering amplitude, F (s), the phase shifts δ(s) and inelasticities η(s),
where p is the momentum in the center of mass frame of the two mesons. The operatorsĤ 1 andĤ 2 are linear combinations of orthogonal projectors, P µ , onto the SU(3) µ representations that appear in the reduction of the product of representations 8 ⊗ 8. Namely, H 1 = −3P 1 − 3 2 P 8s + P 27 ,Ĥ 2 = 5P 1 + P 8s + P 27 .
Note that only representations which are symmetric under the permutation of the two octets appear. This is a consequence of s−wave Bose statistics, once we have assigned a common mass for all pseudoscalar mesons. On the other hand, by imposing just SU(3) flavor symmetry, the interaction Hamiltonian would be of the form
with the SU(3) representation µ running over the 1, 8 s and 27 irreducible symmetric representations that appear in the reduction of 8 ⊗ 8, and F µ arbitrary functions of the Mandelstam variable s. The approximate chiral symmetry of QCD, which is much more restrictive than just flavor symmetry, and its pattern of spontaneous and explicit symmetry breaking fixes this enormous freedom and allows to determine the chiral expansion of the functions F µ (s). At LO, the functions F µ can be easily read off from Eqs. (4) and (6) . The first contribution in L int of Eq. (3) is the WT term in this ππ case. There is a WT term for the interaction of Nambu-Goldstone bosons off any target. Its form follows entirely from chiral symmetry (and its pattern of symmetry breaking) [67, 68] and fully accounts for the interaction near threshold. Specifically, assuming exact chiral symmetry (and so massless Nambu-Goldstone bosons) and for s-wave, H(s) vanishes at threshold and moreover dH(s) ds threshold = ξ 1 2f 2Ĥ WT (8) where ξ is the symmetry factor, namely, 1/2 if the target is another Nambu-Goldstone boson and 1 if it is not, and
where µ runs over the allowed SU(3) representations. Note that H(s) acts on different spaces depending on the target, e.g., (8 ⊗ 8) sym for ππ, 8 ⊗ 8 for πρ, and 8 ⊗ 1 for πω 1 . For two flavors the WT interaction comes as the scalar product of the Nambu-Goldstone boson and target isospin operators [85] (and so it depends only on the isospin target). For any number N F of (massless) flavors one has instead
target and this fixes the eigenvalues (see e.g. [86] )
where C 2 (µ) refers to the value of the quadratic Casimir of the irrep µ in SU(N F ) (with normalization C 2 (adj) = N F ), µ NG is the adjoint representation. This gives for ππ scattering the eigenvalues quoted in (6) for N F = 3, and new ones for πρ and πω 1 (ω 1 refers to the SU(3) singlet): 
Exact SU(3) symmetry has been assumed throughout in this discussion, so π refers to the full π octet, and so on. Note that no configuration mixing (e.g. |πρ; 8 s → |πρ; 8 a ) takes place within the WT interaction. These results will be used next.
B. Spin-flavor and chiral symmetries
With the inclusion of spin there are 36 quark-antiquark (qq) states, and the SU(6) group representation reduction (denoting the SU(6) multiplets by their dimensionality and an SU(3) multiplet µ of spin J by µ 2J+1 ) reads 
The lowest boundstate is expected to be an s−state and the relative parity of a fermion-antifermion pair being odd, the octet of pseudoscalar (K, π, η,K) and the nonet of vector (K * , ρ, ω,K * , φ) mesons are commonly placed in the 35 representation [87] [88] [89] .
Strong interaction conserves total spin (J), hypercharge (Y ), and isospin (I) (assuming equal masses for the up and down quarks). Furthermore, since we consider only s−wave states, the total spin of the meson-meson states is simply the sum of their individual spins. Therefore, on account of the SU(6) group reduction
a meson-meson state written in terms of the SU(6) basis takes the form
where [90] and the SU(6) Clebsch-Gordan coefficients [91] , respectively.
At this point one can ask how does SU(6) symmetry go along with chiral symmetry. Certainly, because chiral symmetry must be present in any reliable approach this is a central point in this work. To clarify this issue we will consider the following exercise, namely, whether it is possible for an SU(6) invariant interaction to reproduce the low energy theorems quoted in Eq. (8) with the correct eigenvalues in Eq. (11) . (Again we assume exact chiral symmetry and s-wave.) As it turns out, this is indeed possible. Such solutions correspond to operators H SU(6) (s) acting on the spin-flavor space 35 ⊗ 35 of the form
where R runs over the seven SU(6) irreps in Eq. (13) and P R are the corresponding projectors. The functions F R (s) vanish at threshold and are normalized by the condition dF R (s)/ds| threshold = 1, e.g.
Finally, the eigenvalues λ R reproducing those in (11) are
Several comments are pertinent here. i) The functions F R (s) depend on the concrete model. Chiral symmetry fixes the derivative of H SU(6) (s) with respect to s at threshold. (A detailed model is developed below.) ii) The eigenvalues λ R are unique and are such thatĤ
WT , when restricted to the ππ, πρ and πω 1 subspaces yield the correct SU(3) eigenvalues of subsection II A. iii) The projectors on antisymmetric representations vanish on P P states. However, for the more general case involving vector mesons, both symmetric and antisymmetric representations (e.g. 35 s and 35 a ) are required even in s-wave. Although the π octet and the ρ nonet fall in the same SU(6) representation they are kinematically distinguishable through their mass. To give mass to the vector mesons certainly requires breaking SU(6) in the Lagrangian (not only through mass terms but also by interaction terms, due to chiral symmetry). This 3 For πM scattering the relation between SU(3) and SU(6) eigenvalues is
simply means that H SU(6) (s) is not the full H(s) acting on the space 35 ⊗ 35. Besides H SU(6) (s) there are further terms, δH(s), which do not have a contribution to H(s threshold ) nor dH(s)/ds| threshold when they are restricted to the subspaces P P → P P or P V → P V . (Once again we refer to the model below which fulfills these requirements.) iv)Ĥ
SU(6) WT
can be regarded as an extension from WT in flavor SU(3) to a WT-like term in spin-flavor SU (6) . The eigenvalues λ R in Eq. (19) obey the general WT rule in Eq. (10) applied to SU(6) instead of SU (3) . Actually there is an extra factor of two in Eq. (16) since the symmetry factor is ξ = 1/2 for 35 × 35. However this is not related to the validity of Eq. (10) in the SU(6) extended version of WT but to the fact that f 6 = f / √ 2 applies instead of f in this extended version. (The same factor 2 appears in Eq. (18) .) No such factors appear when SU(N F ) is extended to SU(N ′ F ) (a larger number or flavors). This is because the embedding of SU(N F ) into SU(N ′ F ) is different from the embedding of SU(N F ) into spin-flavor SU(2N F ). (See below.) As will be obvious from what follows the same exercise can be repeated, successfully, for any number of flavors and not only for meson-meson scattering but also for meson-baryon [41, 49] .
The previous discussion suggests that chiral symmetry, SU(3) L ⊗SU(3) R , is compatible with spin-flavor symmetry, SU (6) . (Note that 10 couplings, λ µ , have been reproduced using only 7 unknowns, λ R , and a similar overdetermination exists for more flavors of for meson-baryon.) In fact such compatibility was exposed by Caldi and Pagels in [79, 80] by the simple method of extending SU(3) L to SU(6) L and SU(3) R to SU(6) R where SU(6) refers to spin-flavor. This produces a larger symmetry group, SU(6) L ⊗SU(6) R , which includes chiral and spin-flavor groups as subgroups. Specifically, the usual spin-flavor SU(6) corresponds to the subgroup of diagonal transformations (i.e., the same SU(6) transformation in L and R sectors) similar to SU(3)
The spin-flavor extended chiral group SU(6) L ⊗SU(6) R is a realization of the Feynman-Gell-Mann-Zweig algebra [92] and was introduced in [79, 80] precisely to solve an apparent inconsistency. Namely, on the one hand the phenomenological successful spin-flavor symmetry in the quark model puts π and ρ in the same SU(6) multiplet. On the other, the pion is a collective state, the Nambu-Goldstone boson from spontaneous breaking of chiral symmetry. In the scenario of [79, 80] , one would find that in an exactly SU(6) symmetric world the π octet and the ρ nonet are the Nambu-Goldstone bosons of the spontaneous breaking of SU(6) L ⊗SU(6) R down to SU (6) . Spin-flavor symmetry is an approximated one and so the ρ nonet mesons are regarded as "dormant" Nambu-Goldstone bosons. As it is known, spin-flavor symmetries cannot be exact as they cannot be accommodated with full Poincare invariance [93] . Still one can consider a static limit enjoying SU(6) L ⊗SU(6) R symmetry. In the Caldi-Pagels scenario, relativistic (and so SU(6) breaking) corrections give mass to the vector mesons while pions are still protected by the usual SU(3) chiral symmetry.
The scenario just described solves a number of puzzles involving vector mesons while maintaining vector meson dominance, KSFR relations and so on [79, 80] . Here we comment only on two issues, namely, the consequences regarding the chiral and Lorentz transformations of vector mesons. Because the pion falls in the (3, 3 * ) + (3 * , 3) representation of the chiral group, spin-flavor symmetry requires the ρ to fall in the same representation (and both in (6, 6 * ) + (6 * , 6) of SU(6) L ⊗SU(6) R ). This is different from vector and axial currents which transform instead as (8, 1) + (1, 8) under the chiral group. At first the fact that the ρ meson and the vector current transform differently seems to be in conflict with vector meson dominance. As shown in [79, 80] this not so, due to the spontaneous breaking of chiral symmetry, for the same reason that PCAC relates pion and axial current, also in different chiral representations.
Related to the chiral representation is the nature of vectors mesons under Lorentz transformations. This is most easily exposed by coupling the meson fields to quark bilinears (alternatively the quark bilinear can be regarded as a representation or interpolating field of the meson, as in Nambu-Jona-Lasinio models). Let us for this discussion consider just two flavors (N F = 2) and use a linear sigma model representation (as opposed to the non-linear one) as there it is simpler to expose the chiral transformation properties of the fields. The pion and σ mesons couple toqiγ 5 τ q andqq. Of course, this just of the formq L Mq R +q R M † q L corresponding to the chiral representation (1/2, 1/2). The coupling can be extended to include vector mesons while preserving spin-flavor
(Let us remark that these are the linear sigma model mesons fields and will be used only in this subsection. Elsewhere in this paper the non-linear meson fields are used. Also note that this M is unrelated to the mass term in Eq. (1) .) The dots represent further meson fields to complete a general 2N F × 2N F complex matrix. The space spanned by such matrices M carries a representation of the group SU( (2) is generated by τ a , σ i and τ a σ i . In particular, the σ and π fields mix under transformations generated by τ a with Ω L = Ω R . These are the usual chiral transformations. On the other hand π mixes with ρ (and other mesons) under spin-flavor transformations (Ω L = Ω R ). Using the chiral representation of the Dirac gammas one immediately obtains the couplinḡ
The LR+RL structure (i.e. (3, 3 * ) + (3 * , 3)) requires quark bilinears constructed with 1, γ 5 or σ µν which commute with γ 5 , while γ µ or γ µ γ 5 produce LL+RR (i.e. (1, 8) + (8, 1) ). This implies that the spin-flavor approach favors an antisymmetric tensor representation of vector mesons [2] . The antisymmetric tensor V µν contains 3 spurious degrees of freedom and one can choose to take V 0i as the dynamical fields [94] . This is the choice in Eq. (21) with ρ ai ∼qτ a σ 0i q. The description of vector mesons using antisymmetric tensors has been shown to be consistent with all expected properties of vector mesons [85, 94, 95] . (See e.g. [96] for the use ofqσ µν q as interpolating field of the vector meson in the context of Nambu-Jona-Lasinio models.)
Conversely, the quark bilinear construction naturally favors a (3, 3 * ) + (3 * , 3) representation instead of (1, 8) + (8, 1) for vector mesons if they are considered as antisymmetric tensors. In principle, one would expect that the chiral representation under which the meson transforms would reflect itself on the observable properties of the meson. However, this is not at all obvious. In the context of effective chiral Lagrangians for mesons a very convenient treatment is that based on the non-linear realization of chiral symmetry [97] . (Let us remark that only the linear realization is used in this work.) In this approach a field u is constructed out of M such that under chiral transformations u → Ω † L uh = h † uΩ R (where u and h are unitary matrices) [85] . A field of the type LL such as the chiral current
L Ω L , and so belongs to the chiral representation (8, 1) . This field is represented in the non-linear realization by the new fieldṼ
Likewise, the field M, of the type LR, will be represented byM = u † Mu † . This new field transforms as h †M h, that is, exactly in the same way as the chiral currents or the vector or axial currents, etc. That was precisely the point of the non-linear realization, namely, all fields in the same representation with respect to SU(N F ) V will be represented by fields transforming in the same way under general chiral transformations, regardless of their detailed chiral representation. Therefore, such detailed chiral representation does not reflect on the properties of the meson, at least to the extend that effective chiral Lagrangians are sufficient to describe them. This should not be surprising as it was already noted before that, e.g., the WT term is only sensible to the isospin (or more generally, flavor) of the target.
C. The model: SU(6) invariant part
In view of the previous remarks, we introduce now a model for meson interaction, including the π octet and the ρ nonet, with simultaneous chiral symmetry and spin-flavor symmetry, suitably broken.
The natural SU(6) extension of Eq. (1) from SU(3) to SU (6) is
U 6 is a unitary 6 × 6 matrix that transforms under the linear realization of SU(6) L ⊗SU(6) R . The Hermitian matrix Φ 6 is the meson field, in the 35 irreducible representation of SU (6) , and f 6 = f / √ 2, as shown in Appendix B of Ref. [49] . The first term in L SU (6) preserves both chiral and spin-flavor symmetry. The second term breaks chiral symmetry and possibly flavor symmetry. This is not the most general breaking and this issue will be discussed in the next subsection. For the time being this term will be kept for illustration purposes with M 6 = m 6 I 6×6 , with m 6 a common mass for all mesons belonging to the SU(6) 35 irreducible representation.
Expanding the previous Lagrangian up to O(Φ 4 6 ) gives the interaction Lagrangian,
The restriction of this Lagrangian to the SU (3) 
with λ a the Gell-Mann and σ the Pauli spin matrices, respectively, and λ 0 = 2/3 I 3×3 (I n×n denotes the identity matrix in the n dimensional space). P a are the π, K, η fields, while R ak and W k stand for the ρ−vector nonet fields, considering explicitly the spin degrees of freedom. The annihilation part of the meson matrix [Φ 6 ] i j is determined by the operators M i j . Regarding M as a matrix with respect to i and j, the convention is that the upper/lower index acts as the first/second index of the matrix. M is traceless and transforms under SU (6) in the same way as the quark operators
where N F is the number of flavors, three in this work.
We have denoted the contravariant and covariant spin-flavor quark and antiquark components
where q i (q i ) annihilates 5 a quark (antiquark) with the spin-flavor i. For instanceū ↓ annihilates an antiquark with flavorū and S z = −1/2. The corresponding Wick's contractions of these operators read
For the process depicted in Fig. 1 , the Lagrangian of Eq. (23) provides the following amplitudes (H SU (6) )
with
and
In these expressions s = (
is the hadron vacuum state and : · · · : denotes the normal product.
For a fully SU(6) symmetric theory and because of Bose statistics, the interaction must be symmetric under the simultaneous exchange (i, j) ↔ (k, l) and
and q 3 ↔ q 4 . This can be realized in two different manners: i) being both symmetric in flavor and momentum spaces, or ii) being both antisymmetric in flavor and momentum spaces. This corresponds to the decomposition H SU(6) = H
. The first of the amplitudes turns out to be purely s−wave, while H SU(6) − describes p−wave scattering when mesons are degenerate in mass. In terms of SU(6) projectors, the above amplitudes read (see Appendix B for details)
We will not discuss in this work the p−wave part, and we will focus here on the s−wave amplitude. However, H SU(6) − will lead to a non-vanishing s−wave contribution for pseudoscalar-vector meson scattering when SU(6) symmetry breaking mass terms are considered, since in that case (u − t) provides a non zero projection into s−wave. We return to this point below.
D. SU(6) spin-flavor symmetry breaking effects
The SU(6) spin-flavor symmetry is severely broken in nature. Certainly it is mandatory to take into account mass breaking effects by using different pseudoscalar and vector mesons masses. However, this cannot be done by just using these masses in the kinematics of the amplitudes derived in the previous subsection as this would lead to flagrant violations of the soft pion theorems in the P V → P V sector due to the large vector meson masses. Instead, the proper mass terms have to be added to the Lagrangian to give different mass to pseudoscalars and vectors mesons while preserving, or softly breaking, chiral symmetry. In addition, SU(2) spin invariance must also be maintained since in the s-wave sector it is equivalent to angular momentum conservation.
To this end, we consider the following mass term (which replaces that in Eq. (22))
Here the matrix M acts only in flavor space and is to be understood as M ⊗ I 2×2 , and similarly for M ′ , so that SU(2) spin invariance is preserved. Besides, these matrices should be diagonal in the isospin basis of Eq. (2) so that charge is conserved. Also, σ stands for I 3×3 ⊗ σ.
The first term in L (m) SU (6) is fairly standard. It preserves spin-flavor symmetry when M is proportional to the identity matrix and introduces a soft breaking of chiral symmetry when M is small. As it is shown below this term gives the same mass to pseudoscalar and vector mesons multiplets. Note that terms of this type are sufficient to give different mass to pseudoscalars (e.g. π and K) when SU(N F ) is embedded into SU(N ′ F ) (a larger number of flavors). They are not sufficient however to tailor different P and V masses when SU(N F ) is embedded into SU(2N F ) (spin-flavor).
The second term in L (m) SU (6) only gives mass to the vector mesons: indeed, if one would retain in U 6 only the pseudoscalar mesons, U 6 would cancel with U † 6 (since these matrices would commute with σ) resulting in a cancellation of the whole term. This implies that this term does not contain contributions of the form P P (pseudoscalar mass terms) nor P P P P (purely pseudoscalar interaction). In addition, when M ′ is proportional to the identity matrix (i.e., exact flavor symmetry) chiral symmetry is also exactly maintained, because the chiral rotations of U 6 commute with σ. This guarantees that this term will produce the correct P V → P V contributions to ensure the fulfillment of soft pion WT theorem [67, 68] even when the vector mesons masses are not themselves small.
6
Expanding to order Φ 2 6 to isolate the genuine mass terms involved, we find
Therefore
As advertised, M is the only source of mass for the pseudoscalars and so 
As noted above, this Lagrangian contains only P P V V and V V V V interactions and no P P P P ones. In addition, the P P V V terms are consistent with soft pion (or soft Nambu-Goldstone boson) theorems. Altogether, the amplitude, H, of the process depicted in Fig. 1 after projecting into s−wave and for massless pseudoscalar bosons and equal mass vector mesons, takes the form
Here . This matrix is identically zero in the P P → P P subspace and it cannot be expressed as a sum of SU (6) (35) has now a nonvanishing contribution and once again, neglecting these terms would introduce a large violation of chiral symmetry, 6 Under a chiral transformation, the vector meson mass term (m 2 V Tr(Φ 2 V ))) will give rise to a P V V term which can only get canceled by the corresponding variation of the P P V V contact term (recall δP ∼ O(1) and δV ∼ O(P V, V V )) to ensure that the whole Lagrangian is invariant. Thus the contact P P V V piece is fixed by chiral symmetry.
proportional to the vector meson mass. This comes about because (u − t) gives rise to non-zero s−wave contributions for P V → P V scattering, once pseudoscalar-vector mass breaking is taken into account. Indeed, in the limit of massless Nambu-Goldstone bosons and mass degenerated vector mesons, one finds for the P V sector (assuming that the legs 1 and 3 in Fig. 1 are of type P and 2 and 4 of type V )
The same average vanishes for P P or V V sectors, since there Bose symmetry still applies.
Regarding the fulfillment of the relations Eqs. (15) (16) (17) (18) (19) in subsection II B, we can see that H of Eq. (40) reduces to
in the P P sector. On the other hand, in the P V sector, the relation
guarantees that H(s) vanishes at threshold in this sector, and moreover
These expressions fulfill the relations Eqs. (15) (16) (17) (18) (19) by taking
for the symmetric representations and
We have also considered spin-flavor symmetry breaking effects due to the difference between pseudoscalar and vector meson decay constants. The pseudoscalar meson decay constants, f P , are defined by
and vector meson decay constants, f V , by
whereq 1 , q 2 are the quark fields, ǫ µ is the polarization vector of the meson, and m V its mass. With the above definitions, in the limit where either the quark or the antiquark that forms the meson becomes infinitely heavy and thus spin symmetry turns out to be exact, QCD predicts f P = f V [99] . This guarantees that the normalizations of the coupling constants in Eqs. (45) and (46) are consistent. For light mesons there exist sizable corrections to the heavy quark symmetry-type relation f P = f V . For instance, the ratio f ρ /f π is of the order of 1.7. To take this into account, in Eq. (40) we apply the prescription
where the labels 1, 2, 3, 4 refer the four interacting mesons. The meson decay constants (taken from Ref. [65] ) and masses used throughout this work to compute the kinematical thresholds and loop functions are compiled in Table II , while the coupled-channel matrices D kin , D m and D a can be found in Tables XXI-LXI of Appendix A. We assume an ideal mixing in the vector meson sector, namely,
The conventions of [90] are used throughout. Note that for the Y = 0 channels, G−parity is conserved, 7 and that all Y = 0 states have well-defined G−parity except theK * K and K * K
states, but the combinations K K * ± KK * / √ 2 are actually G−parity eigenstates with eigenvalues ±1. These states will be denoted (KK * ) S and (KK * ) A , respectively.
A final remark is in order here. The new model introduced in this work is given by
SU(6) (namely, the first term in Eq. (22) and that in Eq. (36)). It implements the approximate spin-flavor chiral symmetry (as opposed 7 Recall that the G−parity operation can be defined through its action on an Y II 3 eigenstate as G|Y II 3 
χ the charge conjugation of a neutral non-strange member of the SU(3) family.
to the standard flavor chiral symmetry) advocated by Caldi and Pagels [79, 80] . In their approach vector mesons are identified as dormant Nambu-Goldstone bosons. L kin SU(6) displays such extended chiral symmetry, while L (m) SU(6) models the pattern of symmetry breaking. Regarding this latter term, it should be noted that there is a large ambiguity in choosing it. Being a contact term, it cannot contain P P P P contributions, due to chiral symmetry, and for the same reason the terms P P V V are also fixed, as already noted. However, V V V V terms are not so constrained. One can easily propose alternative forms for L (m) SU(6) which would still be acceptable from general requirements but would yield different V V V V interactions. For instance, any term of the form Tr M σU 6 σU † 6 σU 6 σU † 6 · · · , with the indices of the σ matrices contracted in any order, could be present in L (m) SU (6) . Our choice in Eq. (36) is just the simplest or minimal one. 8 Of course, such minimal choices are also present in any other model, often tied to some expansion parameter. We have not yet identified a hierarchy to choose among the various available operators. Ultimately, the ambiguity should be fixed by requiring consistency with the asymptotic behavior of QCD [95] . In what follows we will present results obtained with the interaction H given in Eq. (40) .
III. BS MESON-MESON SCATTERING AMPLITUDE
To describe the dynamics of resonances one needs to have exact elastic unitarity in coupled-channel. For that purpose, we solve the coupled-channel BS equation and use the SU(6) broken potential defined above to construct its interaction kernel. In this way in any Y IJ sector, the solution for the coupled-channel s−wave scattering amplitude, T Y IJ , satisfies exact unitarity in coupled-channel. In the so called on-shell scheme [23, 24, 28, 36] , T Y IJ is given by
V Y IJ (s) (a matrix in coupled-channel space) stands for the projection of the scattering amplitude, H, in the Y IJ sector. G Y IJ (s) is the loop function and is diagonal in the coupled-channel space. Suppressing the indices, it is written for each channel as
where m 1 and m 2 are the masses of the mesons corresponding to the channel, for which we take physical values, and P µ is the total four momentum (P 2 = s). The loop function involves a logarithmic ultraviolet divergence which needs to be dealt with. Extracting a suitable infinite constant, one can write
The finite functionḠ(s) can be found in Eq. (A9) of Ref. [32] , and it displays the unitarity right-hand cut of the amplitude. On the other hand, the constant G((m 1 + m 2 ) 2 ) contains the logarithmic divergence. After renormalizing using the dimensional regularization scheme, one finds
where µ is the scale of the dimensional regularization. Changes in the scale are reabsorbed in the subtraction constant a(µ), so that the results remain scale independent. We fix the Renormalization Scheme (RS) used in this work as follows. We adopt a reasonable scale µ = 1 GeV and we allow a(µ) to vary around the value −2 to best describe the known phenomenology in each Y IJ sector. 9 Results, 8 As it turns out, the same term has been proposed by Caldi [98] as a Lorentz symmetry restoration correction. 9 One can instead use an ultraviolet hard cutoff Λ to renormalize the loop function. The relation between the subtraction constant a(µ), at the scale µ, and Λ is
For µ = 0.7 − 1 GeV, and assuming a cutoff of the same order of magnitude, −2 turns out to be a natural choice for the subtraction constant a(µ). of course, have some dependence on the adopted RS, as they also depend on the assumed SU(6) breaking pattern of the couplings
). Indeed, both choices are not independent from each other. That is the reason why we do not mind to scale, for instance, the πρ → πρ channel by 1/(f π f ρ ) instead of by 1/f 2 π , as one will naturally expect from chiral symmetry [97] , since a change in the renormalization scale or in the subtraction constant for this channel would easily cover the differences among these two choices for the couplings.
Since f V is significantly higher than f P , the adopted breaking pattern for the couplings guarantees that low-lying J P = 0 + resonances, such as the f 0 (980) or the f 0 (600), described previously by unitarizing pseudoscalar-pseudoscalar meson amplitudes [18, 19, 22, 30] are not much affected by the inclusion of vector-vector meson channels. It will be shown below that the adopted RS successfully describes the main features of these positive parity scalar resonances.
Other on-shell renormalization schemes can be also adopted. For instance, one can take a certain scale, µ, such that G(µ 2 ) = 0 and the T Y IJ -amplitude reduces to the two-particle irreducible amplitude
. This fixes the value of the subtraction constant G((m 1 + m 2 ) 2 ). This approach has been adopted in [36, 41, 44, 46, 65] for meson-baryon s−wave scattering. The use of one RS or another is part of the uncertainties of the present approach, though, they are smaller than those associated to our incomplete knowledge of the two-particle irreducible amplitude V Y IJ . We do not expect large differences in the gross features of the picture that emerges, though the exact position of the poles can of course be affected by modifying the RS. In the present work, the use of the RS based on dimensional regularization, as outlined above, is preferable, because the same RS has been adopted in previous studies of vector meson-vector meson (V V ) and pseudoscalar meson-vector meson (P V ) scattering within the hidden gauge unitary approach [43, 69, 70] . This makes it easier to compare our results with those obtained in these references.
IV. RESULTS AND DISCUSSION
In this section, we show the results obtained using the approach described above and compare them with those obtained earlier within different schemes, and to data when possible.
The mass and widths of the dynamically generated resonances in each Y IJ sector are determined from the positions of the poles, s R , in the Second Riemann Sheet (SRS) of the corresponding scattering amplitudes, namely
constitutes a good approximation. In some cases, we also find real poles in the First Riemann Sheet (FRS) of the amplitudes which correspond to bound states.
The coupling constants of each resonance to the various meson-meson states are obtained from the residues at the pole, by matching the amplitudes to the expression
for energy values s close to the pole. The couplings, g i , are complex in general. Since our starting point is the chiral dynamics governing the interaction among Nambu-Goldstone bosons, low energy results should be similar to those previously obtained by unitarizing one loop ChPT amplitudes [18, 19, 30] . Because of the inclusion of vector meson degrees of freedom the scalar sector has an enlarged coupled-channel space in our case. However, we expect small effects from these new degrees of freedom on the low-lying scalar resonances, since
To facilitate the discussion of our results, let us point out the main differences between the approach advocated in the present work and the approaches followed in Ref. [43] for the pseudoscalar-vector sector, and in Refs. [69, 70] for the vector-vector one. These latter works are based 10 on the formalism of the hidden gauge interaction for vector mesons [74, 75] . The main differences are:
1. Previous works [43, 69, 70] treat separately pseudoscalar-pseudoscalar, pseudoscalar-vector and vector-vector meson sectors. However, for instance, vector-vector channels could modify the properties of some vector-axial resonances, generated in Ref. [43] , where only pseudoscalar-vector meson interactions are considered. Within the formalism of the hidden gauge interaction for vector mesons there exist no s−wave P V → V V transition potentials at tree level, and thus it is difficult to overcome this limitation in that scheme.
2. Pseudoscalar-vector channels [43] : Though, in a first view, the two-particle irreducible amplitude (V Y IJ ) employed here and that used in [43] might look quite different, this is not really the case and they just differ at order O(m 2 , k 2 ) (with m and k µ , the mass and the momentum of the Nambu-Goldstone boson) in the chiral expansion, which is not fixed by the LO WT theorem [67, 68] that both approaches satisfy. Thus, in both schemes, the potentials V Y IJ totally agree at LO O(k µ ) and take the common value
where the C Y IJ coupled-channel matrices are given in [43] . The P V → P V amplitudes vanish in the soft Nambu-Goldstone boson limit k 0 → 0, as required by the LO WT theorem (see discussion in [85] for some more details).
As a consequence, and apart from the influence of the vector meson-vector meson channels (see point below), of the use here of massless Nambu-Goldstone bosons and physical decay constants in the computation of V Y IJ , we expect a rather good agreement with the results of Ref. [43] for the lowest lying axial resonances, which will not be much affected by higher orders of the chiral expansion.
3. Vector-vector channels [69, 70] : In Refs. [69, 70] , contact, box and t− and u−exchange contributions were considered, within a scheme based on the hidden gauge interaction for vector mesons; the exchange and contact terms being the dominant mechanisms. The exchange mechanism is closely related to the kinetic interaction derived within our SU(6) symmetric scheme (D kin ). Indeed, one finds that by symmetrizing the interaction in the ρρ channel in Table I of Ref. [69] and adding a factor 4/3, our SU(6) symmetric ρρ interaction is reproduced (D kin can be looked up in Appendix A). Note that in the ρρ channel SU(6) symmetry implies having symmetric interactions under the exchange I ↔ J.
As we commented above, the kinetic interaction of our model is of the form [(35 ⊗ 35) 35 a ⊗ (35 ⊗ 35) 35 a ] 1 in the t−channel. This can be regarded as the zero-range t−channel exchange of a full 35 irreducible representation, carried by an octet of spin 0 and a nonet of spin 1 mesons of even parity. In Refs. [69, 70] these kinetic terms are originated by the t−exchange of the time component of vector mesons, which has certain resemblance with our zero-range exchange of 0 + mesons. Parity and angular momentum conservation also allow the exchange of 1 + and 2 + mesons. The latter exchange is missing in both approaches, and the former one is included within our scheme, as required by SU(6) symmetry, while it is not present in the hidden gauge formalism adopted in Refs. [69, 70] . We do not see a priori any compelling reason to favor any of the two approaches.
The contact terms in both approaches seem to be totally unrelated. We remind here the ambiguities mentioned above associated to this term and that presumably its actual nature can only be fixed by the asymptotic behavior of QCD.
4. We use f V = f P for those channels which involve vector mesons, while a universal 1/f 2 coupling is assumed for all channels in the previous works. As commented above, this is somehow related with the RS.
In what follows, we show results for the different Y IJ sectors, considering only nonnegative hypercharge values.
10 Strictly speaking, the study of axial-vector resonances carried out in Ref. [43] does not use the hidden gauge formalism. There, a contact WT type Lagrangian is employed. However, the tree level amplitudes so obtained coincide with those deduced within the hidden gauge formalism, neglecting q 2 /m 2 V in the t−exchange contributions [101] and considering only the propagation of the time component of the virtual vector mesons. There are eight coupled channels, i.e., ππ,KK, ηη, ρρ, ωω, ωφ,K * K * and φφ. In all cases the G−parity is positive. Four poles are found on the complex plane of the SRS. These are compiled in Table III , where the modulus of the couplings to the different channels (see Eq. (53)) are also given. The lowest two poles can be easily identified with the f 0 (600) and f 0 (980) resonances. There are some differences with other works [22, 30] mainly because we have neglected the pseudoscalar meson mass terms and have incorporated vector meson-vector meson channels. On the other hand, the identification of the other two poles is not so direct, though it is tempting to associate them to the f 0 (1370), and f 0 (1710) resonances. Thus, in our model the f 0 (1370) resonance has a sizeable coupling to the ρρ channel which would lead to a four pion decay mode. For the decay of the resonance, the ρρ channel is more relevant than the other ones (for instance the ωω orK * K * ), thanks to the large width of the ρ−meson, which enhances the decay of the resonance to the decay products of the ρρ pair. Indeed, the width of these f 0 resonances will be enhanced when new mechanisms constructed out of V P P p−wave couplings are considered (see for example Fig. 2 ) [70] . For instance, since the pole that we have associated to the f 0 (1370) is placed below the two ρ meson threshold, it can decay neither to this channel nor to those which are even heavier. Thus, the width of around 124 MeV that can be read off from Table III accounts only for the decay of the resonance into the open channels (ππ,KK, ηη). However, the resonance can decay into two virtual ρ mesons, and each of them subsequently will decay into two pions, giving rise to four and two pion decay modes through processes like those sketched in Fig. 2 . These decays will increase the width of the resonance [70] . Obvious modifications to these mechanisms should be considered, taking into account the specific details of the dominant decays of the corresponding vector mesons, for other channels. For instance, since the ω meson decays predominantly into three pions, the coupling of a resonance to two ω mesons will produce six or four pion decays.
Following the findings of Ref. [70] , a substantial increase of both the f 0 (1370) and f 0 (1710) widths with respect to those deduced from the pole position is to be expected. On the other hand, the above mechanisms could explain a large KK decay mode of the f 0 (1710) resonance that in our model couples strongly to the K * K * and the φφ channels. This also supports the picture of Ref. [102] , where it is guessed that the f 0 (1710) is dominantly ss. Besides, we predict a sizeable decay of this resonance into ηη.
The
be difficult to assign it to our lowest pole, and thus it is a clear candidate to have a dominant glueball structure [103, 104] . This is also in agreement with the recent claims of Albaladejo and Oller [105] , though it looks more difficult to reconcile the picture that emerges from our analysis with this latter work in the case of the f 0 (1710) resonance. This is because in Ref. [105] , the f 0 (1710) resonance is identified as an unmixed glueball with a large η ′ η ′ coupling, and this latter channel is not included in our scheme. In Ref. [70] , only the f 0 (1370) and f 0 (1710) resonances are found as well, and in agreement with our findings, there the f 0 (1500) is not dynamically generated either. However, there appear some differences with our results, since in this latter reference the f 0 (1370) is mainly ρρ, and the f 0 (1710) is mostly K * K * . Such a distinction is not so clear in our scheme, where ωω, ωφ and φφ channels play a more significant role than in the hidden gauge unitarity approach advocated in [70] . In previous studies of pseudoscalar-pseudoscalar and vector-vector interactions, the first three channels and the last five channels in Table III were considered separately (see for instance Refs. [18, 19] and [70] , respectively). It is interesting to check how the results change if they are also considered separately. That is, if all couplings that connect the pseudoscalar-pseudoscalar and vector-vector meson sectors are set to zero. Comparing the results of Tables III  and IV , we observe that, though the number of resonances is the same in both cases (four) their positions and the relative strengths of couplings to different channels have changed. The inclusion of the three pseudoscalar-pseudoscalar channels has a large impact on the two poles of higher energy.
B. Hypercharge 0, isospin 0 and spin 1
In this sector (see Table V 
We have slightly moved away from the choice a = −2 for the subtraction constants (see Eq. (51)) and have used a = −1.3 and a = −2.9 for the 0 − (1 +− ) and 0 While the two latter resonances are omitted from the summary PDG table, and even the isospin and G−parity of the h 1 (1380) is not quoted, the h 1 (1170) is firmly established experimentally. We predict for it a width smaller than that quoted in the PDG, because within our model it comes out lighter than the experimental one and thus the available phase space for πρ decay is much smaller. The h 1 (1170) and h 1 (1380) obtained here are placed at similar positions and have similar couplings and widths as those obtained in Ref. [43] . This is not surprising since, as already noted, at LO in the chiral expansion our coupled-channel interaction for P V → P V scattering coincides with that used in Ref. [43] .
Within our scheme, the vector-vector channel K * K * plays an important role in the dynamics of the pole placed at (1600, −67) MeV. Presumably, this is the reason why a third h 1 pole was not found in Ref. [43] , which misses the K * K * channel. On the other hand, a K * K * resonance is found in Ref. [70] located almost at threshold [ √ s R = (1802, −39)]. This pole was not identified in Ref. [70] with the h 1 (1595), because of the very different mass. It can be conjectured that this pole corresponds to the one found in our approach at (1600, −67). The latter is strongly modified by the inclusion of the ωη channel in the dynamics. If the picture presented by our model is correct, with the pole at (1600, −67) assigned to h 1 (1595), this resonance cannot be generated just by ωη, as attempted in Ref. [43] . Indeed, the diagonal ωη potential is zero in this sector. And also it cannot be described using only K * K * , as in [70] , since the mass turns out to be too high and furthermore its dominant decay mode, ωη, is ignored.
In the 0 + (1 ++ ) subsector only one pole is found, at (1286, 0), quite similar to that reported in Ref. [43] . The PDG quotes three f 1 resonances below 2 GeV: f 1 (1285), f 1 (1420), and f 1 (1510). The f 1 (1285) has a mass of 1281.8 ± 0.6 MeV and a width of 24.3 ± 1.1 MeV; the f 1 (1420) has a mass of 1426.4 ± 0.9 MeV and a width of 54.9 ± 2.6 MeV; the f 1 (1510) has a mass of 1518 ± 5 MeV and a width of 73 ± 25 MeV. The decay modes of f 1 (1420) and f 1 (1510) are dominated by the (KK * ) S mode. On the other hand, because the f 1 (1285) is below theKK * threshold, it cannot decay through this channel, though the branching fraction intoKKπ is about 10% and it might hint at a non-negligibleKK * component in its wave function. Because of the position of the pole at (1286, 0), it makes sense to assign this pole to the f 1 (1285) resonance, as it was done in Ref. [43] . The reason why no width is found for this resonance, while the PDG quotes 24 MeV for it, is that there are other decay channels different to V P that are obviously not considered in our scheme [like 4π (33%), ηππ (52%), or KKπ (10%) 11 ]. Nevertheless, the assignment of the pole to the f 1 (1420) resonance, whose dominant decay is (KK * ) S and it is also placed close to threshold, cannot be completely discarded either. In this sector, there are five coupled channels: ρρ, ωω, ωφ, K * K * , and φφ, and we find two poles (see Table VI It is tempting to associate the two f 2 poles found within our approach to the two lowest lying confirmed resonances f 2 (1270) and the f ′ 2 (1525). In the first case, the mass agrees well with that quoted in the PDG, however experimentally the f 2 (1270) resonance is quite broad (Γ ∼ 185 MeV) while in our case, it appears as a bound state (pole in the FRS) of zero width. Contributions as those depicted in Fig. 2 might provide a sizeable width to this pole. Besides there exist other mechanisms like d−wave ππ decays, which could also be important in this case because the large available phase space. Those associated to the left diagram of Fig. 2 are considered in Refs. [69, 70] . Regarding our identification of the f ′ 2 (1525) resonance, we find dominant couplings to the K * K * and φφ channels, which will naturally account for the experimental dominant decay mode into KK of this resonance [84] through loop mechanisms (Fig. 2) . However, the mass position disagrees much more in this case, while its sizeable coupling in our approach to ρρ seems difficult to reconcile with its experimental small branching fractions into ππ and ππππ. Thus, we have some reservation with this identification, and perhaps it could also be possible to identify the pole with the resonances f 2 (1565) or f 2 (1640), which are placed closer to the pole and have decay modes involving an even number of pions, or an ωω pair. Possibly further ingredients, like d−wave KK pairs, would also be needed to correctly describe the dynamics of the f ′ 2 (1525) resonance. In Ref. [70] two states are also generated in this channel, and are associated with the f 2 (1270) and f ′ 2 (1525). The real part of both poles agree remarkably well with the masses of these two resonances. This was achieved by a suitable fine-tuning of the subtraction constants. A similar good agreement could not be achieved within our scheme by fine-tuning of the subtraction constants. In [70] , these two resonances appear mostly as ρρ andK * K * bound states, respectively. In our case, these channels are still dominant but with a substantial contribution from the subdominant channels. The hidden gauge interaction for vector mesons model used in [70] and our approach are related for P V → P V scattering, thanks to chiral symmetry, but they are completely unrelated in the V V sector, where we believe that the nature of the contact terms can only be unraveled by requiring consistency with the QCD asymptotic behavior at high energies [95] . Besides, the V V interactions of our model are weaker than those deduced in Ref. [70] due to the use of f V instead of the pion decay constant. There are five coupled channels in this sector: πη, KK, ρω, ρφ and K * K * and our model produces three poles in the SRS of the amplitudes. These are compiled in Table VII . The lowest pole should correspond to the a 0 (980), which has been obtained in all previous studies considering only pseudoscalar-pseudoscalar coupled-channel. In our model, its couplings to the πη and KK are large, in agreement with the results of earlier studies and with the data, but it also presents large couplings to the heaviest channels, φρ andK * K * . The pole at √ s R = (1442, −5) can be associated to the a 0 (1450). Within our scheme, it can decay to πη and KK, which is in agreement with the data. Its huge coupling to ωρ will give rise to a significant ωππ decay mode and to an important enhancement of its width, thanks to the broad spectral function of the ρ resonance.
On the other hand, the PDG only reports two a 0 resonances below 2 GeV. Therefore, the third pole in this sector at √ s R = (1760, −12) cannot be associated, in principle, to any known state. Nevertheless, it is interesting to note that in Ref. [70] an a 0 -like pole was found located close to the K * K * threshold and with large couplings to K * K * and φρ. On the other hand, a resonance a 0 (2020) has been reported in [106] , with these quantum numbers around 2 GeV (2025 ± 30 MeV), but extremely wide (330 ± 75 MeV). The large width of this state makes less meaningful the difference between its mass and that of our pole, which might be then associated to this resonance. Still, it should be noted that the a 0 (2020) resonance is not yet firmly established and needs further confirmation [84] .
E. Hypercharge 0, isospin 1 and spin 1
There are two sets of quantum numbers in this sector: 1 + (1 +− ) and 1 − (1 ++ ), corresponding to those of b 1 and a 1 resonances. Our results for this channel are compiled in Table VIII. In the 1 + (1 +− ) subsector, two poles are found in the SRS: the lower one can be associated to the b 1 (1235). The predicted mass, width and decay modes agree well with the data [ωπ (dominant), ρη (seen), 4π (< 50%) and MeV units ) in the (Y, I, J) = (0, 1, 1) sector. . This state has also been found in Refs. [37, 43] , and this indicates that it mainly originates from the pseudoscalar-vector interaction. The second b 1 state is found at √ s R = (1642, −139). It couples strongly to K * K * and lacks a clear PDG counterpart yet. A b 1 state is also found in Ref. [70] at ∼1700 MeV. It is tempting to associate our second pole with the resonance b 1 (1960), though this state is not firmly established yet [106] . The b 1 (1960) turns out to be also quite wide (Γ = 230 ± 50), as it was the case of the a 0 (2020) resonance above, which makes less important the large difference existing between the masses. Moreover, the data suggest that b 1 (1960) has non-zero overlaps with the πω and ηπω channels [107] . This is compatible with the features of our pole. (Note that the ηρ coupling could lead to a non zero contribution to the ηπω decay mode.)
In the 1 − (1 ++ ) subsector, also two poles are found in the SRS. It is tempting to associate them to the a 1 (1260) and a 1 (1640), the only two a 1 resonances below 2 GeV reported in the PDG [84] .
The mass and width of a 1 (1260) suffer from large uncertainties, being quoted in the PDG values of 1230 ± 40 MeV and 250 − 600 MeV, respectively. Its dominant decay modes are 3π and (KK * ) A . This is in total agreement with the largest couplings of our lightest pole in this sector. In addition, the main properties of this pole are similar to those of the pole found in the approach of Ref. [43] .
The resonance a 1 (1640) is much worse established experimentally and it is not reported in the approach of Ref. [70] . Nevertheless, our second pole couples strongly to V V channels and its features fit well with those known for the a 1 (1640) resonance. There are three coupled channels in this sector:K * K * , ωρ, and φρ, and we find two poles, one in the FRS and a second one in the SRS of the amplitudes (see Table IX ), which might be associated to the a 2 (1320) and a 2 (1700) resonances. In our model, the bound state strongly couples to the ωρ channel, which would give rise to the observed 3π and ωππ decay modes of the a 2 (1320) thanks to the width of the virtual ρ meson. Furthermore, if the pole position were closer to the experimental mass, the width would also increase. Fine-tuning of the subtraction constant did not work to achieve a better agreement in the mass position.
Little is known about the a 2 (1700), but the assignment of our second pole with it might get supported by the decays of this resonance into ωρ and KK pairs. Indeed, this latter decay mode can be obtained from the decays of the resonance to virtual φρ or K * K * pairs, through loop mechanisms as those depicted in Fig. 2 . The hidden gauge interaction for vector mesons model used in [70] gives rise only to one pole, whose features corresponds to the heaviest of the poles found here. As it is the case here, though its mass is close to that quoted in the PDG for the a 2 (1700) resonance, it turns out to be much narrower than this resonance. This could be an indication of the fact that either the identification of this pole with the a 2 (1700) resonance is incorrect or that other mechanisms, such as coupled-channel d−wave dynamics, might play an important role in this case. In this sector there are five coupled channels: πK, ηK, ρK * , ωK * , and φK * , and three poles are found in the SRS of the amplitudes. The first one at √ s R = (830, −170) can be associated to the K * 0 (800). There is still a controversy about the existence and the origin [108] of this broad resonance (Γ ∼ 550 MeV), being Kπ its dominant decay mode. It is very similar to the f 0 (600), and hence it cannot be interpreted as a Breit-Wigner narrow resonance.
We identify the second pole at √ s R = (1428, −24) with the K * 0 (1430) resonance, despite being the latter one much wider than the pole found in our scheme. The Kπ branching fraction for this resonance is 93% ± 10% [84] . The pole generated in our scheme couples more than twice stronger to the Kπ channel than to the ηK one, which is also open. However, the coupling to the K * ρ channel is four times bigger and does not contribute to the width of 48 MeV quoted in Table X because it is not open. Nevertheless, the resonance can decay into a virtual K * ρ pair which will significantly enhance the Kπ decay probability, thanks to the broad ρ and K * widths and the fact that the pole is not placed too far from threshold (see left panel of Fig. 2) .
In Ref. [70] , where only V V −channels are considered, only one pole at (1643, −24) with a strong ρK * coupling was found. The authors of [70] argue, although with reservations, that it might correspond to the K(1630) resonance. We conjecture that with an adequate subtraction constant the pole found in that reference might be similar to our second pole and thus it would rather correspond to the K * 0 (1430) resonance. The situation of the third pole is less clear. It would be tempting to associate this third pole at √ s R = (1787, −37) to the K(1630) (with yet undetermined J P [84] ). Our pole is wider than the K(1630) resonance, whose reported width is compatible with zero. This could be explained because our pole is located above the K * ω threshold and experimentally it is below this threshold although close to it. Note that this channel gives rise to a decay mode Kππ, as reported in the PDG. Nevertheless, we believe that such identification would probably be incorrect, since the biggest couplings of the pole found here are those corresponding to the ηK and K * φ channels. The first of these two channels is open, giving rise to a sizeable width difficult to reconcile with the narrow width quoted in the PDG for the K(1630). Besides, the huge K * φ coupling will lead to a Kπ decay mode, through the loop mechanisms sketched in Fig. 2 , while the decay mode observed in the PDG is Kππ. Note that the pole at √ s R = (1787, −37) also couples to the K * ρ channel and that it will also contribute to the Kπ decay mode. This suggests to identify the pole found here with the wide K * 0 (1950) resonance, for which the decay mode observed in the PDG is Kπ. Moreover, its large width 201 ± 90 MeV [84] ) make less meaningful the difference between its mass 1945 ± 22 and that of our pole. However, it should be pointed out that the K * 0 (1950) resonance is not firmly established yet and needs further confirmation [84] .
H. Hypercharge 1, isospin 1/2 and spin 1
In this sector there are eight coupled channels: K * π, Kρ, Kω, K * η, Kφ, K * ρ, K * ω, K * φ, and four poles are found on the SRS.
In the PDG there appear three resonances below 2 GeV with these quantum numbers, namely K 1 (1270), K 1 (1400), K 1 (1650), while here we found four poles. 
(1 + ). The subtraction constants has been set to a = −2.5 for the P V channels and to a = −1.7 for the three V V ones. Possible PDG counterparts: K1(1270), K1(...), K1(1400), K1(1650). In Ref. [43] two poles ( √ s R = (1112, −64) MeV and √ s R = (1216, −4) MeV) were reported, using only P V → P V interaction. An additional pole was found at √ s R = (1737, −82) MeV in Ref. [70] , using only the V V → V V sector. The work of Roca et al. [43] was revisited in Ref. [109] . In this latter reference, the double pole structure of the K 1 (1270), uncovered in [43] , is further confirmed. Let us summarize here some of the most relevant findings of Ref. [109] . There, one pole is found at ∼ 1200 MeV with a width of ∼ 250 MeV and the other is found at ∼ 1280 MeV with a width of ∼ 150 MeV. The lower pole couples more to the K * π channel and the higher pole couples dominantly to the Kρ channel. The peak in the Kππ mass distribution in the WA3 data [110] [109] as a superposition of two poles, but in the K * π channel the lower pole dominates and in the ρK channel, the higher pole gives the biggest contribution. Finally, it is argued in [109] that different reaction mechanisms may prefer different channels and this would explain the different invariant mass distributions seen in various experiments.
The results compiled in Table XI , show two poles around 1.2 GeV which correspond to those reported in Ref. [109] , though the couplings turn out to be somehow different. This is partially due to the inclusion here of the V V channels. When those channels are switched off, the agreement improves, but there still remain some differences between the couplings obtained in both approaches, specially on the strength of the K * η coupling for the lightest resonance. This can be attributed, at this stage, to the approximation m P = 0 used here when computing the potential. Our scheme implements an extra SU(6) symmetry breaking pattern induced by the use of different pseudoscalar and vector decay constants (f P = f V ), however, in Ref. [109] the WA3 K − p → K − π + π − p data were successfully fitted with a value of f 2 ∼ (115 MeV) 2 , which numerically is rather similar to f P f V used here (see Table II ). On the other hand, taking into account the finite ρ and K * widths in the intermediate loops will increase the imaginary parts of the poles, specially that of the higher pole which has a large coupling to the ρK channel. This will then bring its width close to ∼ 150 MeV, as found in in Ref. [109] . Thus, our findings here reinforce the double pole picture for the K 1 (1270) resonance predicted in Refs. [43, 109] . It is also noteworthy that Ref. [37] did not find this double pole structure.
We move now to the third of the poles found here [ √ s R = (1414, −66) MeV ], which has large K * π, Kρ, Kω, K * φ and specially K * ρ couplings. Given its mass and width, it can be naturally associated to the K 1 (1400) resonance. However in the PDG, branching fractions of (94 ± 6)%, (3 ± 3)% and (1 ± 1)%, for the K * π, Kρ and Kω modes, respectively, are quoted for this resonance. The couplings shown in Table XI cannot be easily reconciled with the above fractions. Refs. [43, 109] did not find the K 1 (1400) resonance, while in Ref. [37] a broad bump in the speed plot was associated to it. In the V V −work of Ref. [70] , a pole at √ s R = (1737, −82) MeV is reported with a dominant ρK * coupling. Indeed, when the P V − V V interferences are switched off, we find the two K 1 (1270) poles in the P V sector and a third pole in the V V sector with a large ρK * coupling, whose position depends strongly on the value of the subtraction constant. Our conjecture is that it is precisely this pole, which manifests itself as a ρK * bound or resonant state when only V V interactions are considered, the one that moves down to √ s R = (1414, −66) when the P V channels are also included.
Here, we envisage two different possibilities:
(i) To identify the √ s R = (1414, −66) pole with the K 1 (1400) resonance, despite the PDG branching fractions quoted above. It is worth stressing here that the properties quoted in the PDG obtained from the WA3 data analysis rely upon considering only one pole for the K 1 (1270). The reanalysis of the WA3 data carried out in [109] , where the double K 1 (1270) pole structure is taken into account and the totality of the P V channels studied here are considered, is also inconsistent with the PDG K 1 (1400) branching fractions, being the Kρ mode almost comparable to the K * π one (see Fig. 7 of this reference) and certainly it is not around 30 times smaller. On the other hand, there exists another ingredient which should be considered. Our state has a huge K * ρ coupling, which will provide a Kπππ signature and that of course will also contribute to the inclusive WA3
This latter mechanism was considered neither in the original analysis of Ref. [110] nor in the better theoretical founded re-analysis of Ref. [109] .
Within this scenario, the fourth pole at √ s R = (1665, −95) shown in Table XI , could be assigned to the K 1 (1650) with a mass of 1650 ± 50 MeV and a width of 150 ± 50 [84] . The only decay channels observed are Kππ and Kφ, which could be easily associated to the large Kφ coupling of the pole together with its sizeable K * π and Kρ components (see Table XI) . This pole appears due to the interplay between the K * φ and Kφ channels, similarly as it was discussed earlier in the case of the h 1 (1595), and indeed it disappears when only the V V sector is considered. In Ref. [70] , the above mentioned √ s R = (1737, −82) pole was tentatively assigned to the K 1 (1650) resonance despite the fact that its large ρK * coupling is difficult to accommodate with the K 1 (1650) known decays.
Nevertheless, this is still a questionable scenario, since the couplings quoted in Table XI , for the pole at (1414, −66), indicate that its Kρ decay mode is much larger than the K * π, and this is difficult to reconcile even with the results of the re-analysis of Ref. [109] .
(ii) Alternatively, the subtraction constants could be fine-tuned so that the third pole is pushed up in energy and thus it could be associated to the K 1 (1650) (see for instance Table XII ). Properties of the poles, other than the mass and width, are not much affected by the fine-tuning, and one still gets the two pole structure for the K 1 (1270) resonance. In this scenario no pole is assigned to the K 1 (1400), which then will not be dynamically generated, as advocated in the picture of Refs. [43, 70, 109] . However, the assignment of the third pole to the K 1 (1650) would suffer from the problems mentioned above in the case of the √ s R = (1737, −82) resonance found in Ref. [70] . In addition, a further K 1 above 1.8 GeV and not included in the PDG, will be predicted with a large Kφ decay mode. (1 + )], but using subtraction constants a = −3.1 for the P V channels and a = −1.0 for the three V V ones. Possible PDG counterparts: K1 (1270) In this sector, a pole is found in the SRS of the amplitudes. In the PDG, two K * 2 resonances below 2 GeV [K * 2 (1430) and K * 2 (1980)] are reported, though only the lightest one is firmly established. The K * 2 (1430) has a mass of 1429 ± 1.4 MeV and a width of 104 ± 4 MeV; the second resonance has a mass of 1973 ± 26 MeV and a width of 373 ± 70 MeV. It is not clear to which one to associate the state we find. The subtraction constants cannot be fine-tuned to achieve the mass of the pole to lie much closer to 1.43 GeV than in Table XIII . Nevertheless, we believe that the pole found here might correspond to the K * 2 (1430) and its nature is somehow related to those of the f 2 (1270) and f ′ 2 (1525). In both cases, an important influence of d−wave interactions is to be expected. Indeed in the case of the K * 2 (1430), the PDG branching fractions are around 50%, 25%, 9% and 3% for the d−wave modes Kπ, K * π, Kρ and Kω, respectively. In addition, the branching fraction of the K * ππ channel is only about 13%. This latter decay mode looks like the only one more or less related to the dynamics included within our model, thanks to the dominant coupling K * ρ of the pole displayed in Table XIII . This would explain why our model does not describe properly the mass and the width of the K * 2 (1430). From this point of view, what is somewhat more surprising is the fact that our scheme were able to describe the mass of the f 2 (1270) at all. However, there is here a distinctive feature: the possible influence of the d−wave pseudoscalar-vector meson K * π channel, which lies closer to the resonance mass than the pseudoscalar-pseudoscalar channels. Notice that the equivalent channel in the case of f 2 (1270) would be πρ, but it is not allowed by G−parity conservation.
The approach of Ref. [70] for V V → V V scattering produces a resonance in this sector, with mass fine-tuned to 1430 MeV, even if all type d−wave interactions are also ignored.
J. Exotics
Exotics refers here to meson states with quantum numbers that cannot be formed by apair. Quantum numbers with I ≥ 3/2 or |Y | = 2 are exotic. Our model produces five poles on the complex plane with the following quantum numbers: 2 + (0 ++ ) with Y = 0, 3/2(0 + ) and 3/2(1 + ) with Y = 1, and 0(1 + ) and 1(0 + ) with Y = 2. Remarkably, no exotic state was reported in Ref. [70] . This is a direct consequence of the different dynamics implicit in both approaches. Future experiments may be needed to distinguish between these two schemes. In this sector, a pole is found that, given its mass and width, can be naturally associated to the X(1420) resonance (see Table XIV ). This resonance needs further confirmation and its current evidence comes from a statistical indication [111] for a π + π + resonant state in thenp → π + π + π − annihilation reaction with data collected by the OBELIX experiment. Within our scheme, the pole is essentially a ρρ bound state with a small coupling to the ππ channel that moves the pole to the SRS. The fact that the strength of the coupling to π + π + is not large might explain why the resonance distorts weakly the spectrum of the outgoing pair of positive pions in the OBELIX data. Within our scheme, the ρρ → ρρ amplitude is symmetric under I ↔ J exchange. For D kin this comes as a result of SU (6) symmetry. On the other hand, the interaction D m is a contact term and this ensures the invariance under I ↔ J.
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As a consequence our ρρ potential in this sector (I = 2, J = 0) is the same as that in the I = 0, J = 2 one. BS amplitudes in both sectors will become different because of coupled-channel and renormalization effects. Nevertheless, we expect the X(1420) to be the counterpart of the f 2 (1270), which appeared mostly as a ρρ J = 2 isoscalar bound state. This situation is distinctively different in the hidden gauge interaction model used of Ref. [70] , where near threshold, the ρρ interaction in the I = 2, J = 0 sector becomes repulsive and five times smaller, in absolute value, than that in the I = 0, J = 2 sector [69] . Indeed, while in the latter sector the ρρ interaction is attractive and gives rise to the f 2 (1270) resonance, the model of Ref. [69, 70] does not provide any (I = 2, J = 0) resonance. However, it is found a dip in the ρρ amplitude squared in this latter work. There, it is suggested that such a dip in the ρρ amplitude might lead to a bump in π + π + production. The ππ diagonal potential is repulsive in this sector, however, the ππ → ρρ transition potential leads to an interaction more attractive than that deduced from the diagonal ρρ potential. Indeed, from Tables XXVII and XLVI,  one The matrices D kin and D m are the same in both sectors, and identical to those appearing in (Y, I, J) = (0, 2, 0). Thus, the two resonances displayed in Tables XV and XVI belong to the same multiplet of scalars that the resonance X(1420), and masses and widths are similar. We will come back to this point below. We find one pole in each sector (see Tables XVII and XVIII) . Masses and widths of these two resonances are quite similar and we will argue below that they belong to the same axial vector multiplet.
4. Hypercharge 0, isospin 2 and spin 1 and 2, hypercharge 1, isospin 3/2 and spin 2, and hypercharge 2, isospin 1 and spin 1 and 2
The interaction in these five sectors is repulsive and they present no poles.
V. SUMMARY AND CONCLUSIONS
Tables XIX and XX compile the different poles found within the present approach. It must be observed that the widths obtained are only a first approximation and they could receive substantial corrections in some cases. This is because of the following reasons. First, the only decay channels considered are P P , P V and V V s-wave pairs. Second, the widths of the vector mesons have been neglected in their propagators in the loop functions. The effect might be particularly important for the ρ and the K * resonances. It is to be expected that this mechanism will enhance the width of the resonances with a very small impact on the masses [43] . The same mechanism should also introduce MeV units) in the (Y, I, J) = (2, 0, 1) sector. I(J P ) = 0(1 + ).
contributions of the type displayed in Fig. 2 . Such contributions have appeared repeatedly during the discussion of our results. SU(6) symmetry of our approach has been explicitly broken to account for physical masses and decay constants, and also when the amplitudes have been renormalized. Nevertheless, the underlying SU(6) symmetry is still present and serves to organize the set of even parity meson resonances found in this work, and compiled in Tables XIX and  XX. Spin-flavor symmetry has been used to guide the construction of the s−wave interactions among the members of the SU(6) 35 multiplet. The matrix D kin that appears in the kinetic term of the amplitudes can be expressed as (6) can be reduced in terms of irreps of SU(3)⊗SU (2) . In this way, the content of the SU(6) 1, 35 s , 189 irreps is as follows
where the subindex refers to 2J + 1, so e.g., 10 * 3 stands for the representation 10 * of SU (3) 
The gross features of the states reported in Tables XIX and XX follow the above decomposition based on SU(6) multiplets. This picture is somewhat modified by the effect of the terms added to the kinetic contribution of the Hamiltonian (see Eq. (40)), namely, D m , which is mainly attractive and D a , which is repulsive. As mentioned, the use of different vector and pseudoscalar meson masses and decay constants, and the used subtraction constants, which in some cases have been fine-tuned to better reproduce the experimental (PDG) resonances, produce also a deviation from the SU(6) pattern.
In Table I , the poles found in this work (Tables XIX and XX) are classified in terms of the above SU(6) and SU(3)⊗SU(2) irreps. Several comments are in order here. First, it should be stressed that there will be mixings between states with the same J P I G Y quantum numbers but belonging to different SU(6) and/or SU(3) multiplets, since these symmetries are broken both within our approach and in nature. These mixings have not been considered when classifying the states in Table I . Some comments are also pertinent regarding each spin-parity sector:
(i) J P = 0 + : As can be seen in Table I , the poles found here closely follow the pattern determined by the spinflavor SU(6) symmetry, except for the absence of the singlet state associated to the 189 SU(6) irrep. The attractive interaction in this irrep is weak. We have checked that if the SU(6) symmetry breaking contact term (D m ) is switched off a new f 0 resonance (with a mass close to 1.9 GeV) would be generated in our calculation, corresponding to this 1 1 missing state. On the other hand, the SU(6) pattern is also accurate when describing the PDG scalar resonances compiled in Table I . This fact has two consequences. First, it increases the credibility of our predictions on the existence of two exotic states in the region 1.4-1.6 GeV, belonging to the SU(3) 27 irrep included in the SU(6) 189, while giving further theoretical support on the reliability of other resonances, not yet firmly established, as for example the a 0 (2020) or the exotic isotensor X(1420) state. Second, by inspection of the resonances with these quantum numbers reported in the PDG and with masses below 2 GeV, it can be noted that there exists just one well established resonance that does not fit within the SU(6) classification pattern assumed in Table I . 13 This is the f 0 (1500) resonance, for which a glueball picture has been suggested by several authors [103, 104] . Our result would then be in support of such picture.
(ii) J P = 1 + : Here the effects of the SU(6) breaking terms D m and D m terms turn out to be important. There are two types of channels, namely, P V and V V mesons coupled to total spin 1.
The P V → P V amplitudes are constrained by the LO WT theorem (see Eq. (54)) and give rise to the states of the multiplets 8 3 and 1 3 of the SU(6) 35 s irrep and to those of a further SU(3) octet (8 a 3 ) of the SU(6) 189. Note that the dynamics of the states of this latter multiplet is strongly influenced by the SU(6) breaking terms mentioned above. Our results for those multiplets are in good agreement with those previously obtained in Ref. [43] , which among others include the prediction of the existence of a second K 1 (1270) resonance [109] .
On the other hand the simultaneous consideration of P V and V V channels make the present approach different from that followed in Ref. [43] , and has allowed us to dynamically generate also the h 1 (1595) resonance. The interference P V → V V amplitudes turn out to play a crucial role in producing this state, and that is presumably the reason why it is not generated either in the V V → V V study carried out in Ref. [70] using the formalism of the hidden gauge interaction for vector mesons. Possibly, the situation is similar for the K 1 (1650) state and thus we end up with a clearer SU(6) pattern, which is also followed to some extent in nature.
In this sector, we also predict two exotic states belonging to the 10 and 10 * irreps. On the other hand, we have verified that the missing b 1 pole in the symmetric octet of the SU(6) 189 would appear if the SU(6) symmetry were restored.
To finish the discussion of this sector, we would like to point out that below 2 GeV there is only one firmly established axial vector resonance that does not fit in the symmetry pattern sketched in Table I : It is the f 1 (1420), and similarly to the previous discussion for the f 0 (1500) resonance, this might hint at the possible existence of gluon components in its wave-function. Indeed arguments favoring the f 1 (1420) being a hybrid qqg meson have been put forward by Ishida and collaborators [112] .
(iii) J P = 2 + : In this sector is where the SU(6) pattern works worst. This is because the SU(6) symmetry kinetic term becomes less dominant when compared to V V interaction contact term generated as a result of giving mass to the vector mesons. Moreover, we must stress here, once more, the little control that we have over this term. Yet, the interaction in the SU(6) 189 irrep associated to D kin is relatively weak. Thus all results displayed in Table I for this sector must be understood by actively considering the interplay between D kin and D m . The first remark is that if the contact term is switched off, the pole associated to the f 2 (1270) moves up in mass by more than 200 MeV and the a 2 (1320) resonance disappears. Actually, in each Y I subsector, D m has two large and negative (attractive) eigenvalues, which correspond to a full nonet (singlet plus octet). The a 2 (1320) would be part of this nonet, and it might well be that the actual K * 2 (1430) could be also a member of it. In that scenario, the pole at (1708, −156) obtained here, and that we cannot move down closer to the mass of the K * 2 (1430) resonance, might correspond to a further state, for which we do not find an easy correspondence with any of those reported in the PDG. On the other hand, by changing the subtraction constants it is possible to generate some more 0 + (2 ++ ) poles within our scheme, which might account for those states needed to fill in completely the nonet mentioned above.
In this sector, and in contrast to the 0 + and 1 + cases, there appear in the PDG several even parity resonances that cannot be accommodated within our scheme. Some of them, might be glueballs, but we cannot be here as precise as we were in the previous sectors. The hidden gauge formalism for vector mesons used in Ref. [70] does not improve on that, though its choice for the contact V V term might provide a more robust description of the f 2 (1270) and K * 2 (1430) resonances than that obtained here. In summary, it has been shown that most of the low-lying even parity meson resonances, specially in the J P = 0 + and 1 + sectors, can be classified according to multiplets of the spin-flavor symmetry group SU(6). The f 0 (1500), f 1 (1420) and some 0 + (2 ++ ) resonances cannot be accommodated within SU(6) multiplets and thus they are clear candidates to be glueballs or hybrids. On the other hand, we predict the existence of five exotic resonances (I ≥ 3/2 and/or |Y | = 2) with masses in region 1.4-1.6 GeV, which would complete the 27 1 and 10 3 and 10 * 3 spin-flavor multiplets. (Y, I, J) = (1, 1/2, 1) . 
(u − t) term: Da
The matrix elements corresponding to D a are displayed. The (Y, I, J) or (Y, I, J, G) sectors with identically zero matrices are omitted. P P and V V channels (for which the matrix vanishes) are also omitted. 
